Key Summary Points {#FPar1}
==================

**Why carry out this study?** Several radiolabeled somatostatin analogues have been developed for molecular imaging of neuroendocrine tumors (NETs) with single-photon emission computed tomography (SPECT) and positron-emission tomography (PET) The aim of the present study was to report our first results using ^64^Cu-DOTATOC in patients with NETs**What was learned from the study?** 28/33 patients presented in PET--CT at least one pathological lesion with focal enhanced uptake of ^64^Cu-DOTATOC The high detection rate of suspected lesions in patients with NETs and the high target-to-background contrast found in this study hold promise for the safe application of ^64^Cu-DOTATOC PET--CT in patients with NET

Introduction {#Sec1}
============

The diagnosis of neuroendocrine tumors (NETs) needs sophisticated imaging modalities since the tumors originate in different parts of the body and thus have diverse clinical symptoms. NETs are found most commonly in the lungs and gastrointestinal tract \[[@CR1], [@CR2]\]. The symptoms typically precede the diagnosis by approximately 5--7 years \[[@CR3]\]. Delayed diagnosis may increase the probability of metastases, which are present in 20--50% of cases at the time of diagnosis \[[@CR4], [@CR5]\]. As in other malignancies, the degree of metastases will impact the prognosis of the patient. Timely diagnosis of disease progression will also affect therapy options.

NETs are characterized by high expression of somatostatin receptors on the surface of the tumor cells, which enables functional molecular imaging with radiolabeled somatostatin analogues to be applied in the diagnostic process \[[@CR3], [@CR5]\]. Of the five known subtypes of somatostatin receptors (SSRs), subtype 2 is most commonly overexpressed in NETs, followed by subtype 5 \[[@CR6], [@CR7]\].

Several radiolabeled somatostatin analogues have been developed for molecular imaging of NETs with single-photon emission computed tomography (SPECT) and positron-emission tomography (PET) \[[@CR5]\]. ^111^In-DOTA-octreotide has been used in conventional imaging for many years \[[@CR8]\]. However, PET-based radiopharmaceuticals have major advantages over SPECT tracers owing to higher affinity for the SSRs and the fact that PET is superior to SPECT in terms of spatial resolution and sensitivity \[[@CR9], [@CR10]\].

At present, the most widely used molecular imaging technique for NET imaging is SSR PET--computed tomography (CT) using ^68^Ga-DOTATATE, ^68^Ga-DOTATOC, and ^68^Ga-DOTANOC \[[@CR11]--[@CR13]\]. In recent years, somatostatin analogues labeled with ^64^Cu have been introduced, and a head-to-head analysis comparing ^64^Cu-DOTATATE and ^68^Ga-DOTATOC demonstrated advantages of the former in the detection of lesions in patients with NET \[[@CR14]\].

The lower positron range of ^64^Cu than of ^68^Ga theoretically leads to a better spatial resolution, and the physical half-life of 12.7 h makes ^64^Cu attractive for routine use in a clinical imaging setting. The aim of the present retrospective study was to report our first results using ^64^Cu-DOTATOC in patients with NETs.

Methods {#Sec2}
=======

Thirty-three patients (15 female, 18 male; mean age 62 ± 13 years) were included in this retrospective study. PET--CT scans (Siemens Healthineers, Biograph mCT 20 Flow, Erlangen, Germany) were performed in all patients 1 h after intravenous injection of 3.5 MBq/kg ^64^Cu-DOTATOC (^64^Cu produced by ACOM, Italy; labeled peptide ^64^Cu-DOTATOC distributed by DSD Pharma GmbH, Austria). CT parameters for low dose (LD) CT were 120 kV and 30 mAs. The PET acquisition was performed using the flow motion method from the base of the skull to the upper legs. Afterwards the data sets were reconstructed using a three-dimensional ordered-subsets iterative time-of-flight algorithm, which corrected for scatter and photon attenuation. A lesion was considered somatostatin receptor positive if DOTATOC uptake was higher than background uptake on PET. A lesion was defined as somatostatin receptor negative if it showed no uptake on PET. The reference levels of uptake were defined by measuring the mean standardized uptake value (SUVmean) in the right liver lobe with normal physiological appearance. The SUVmax values for lesions with an uptake above surrounding tissue were registered (Siemens Healthineers, Syngo.Via). One patient with diffuse liver metastases was excluded for the measurement of the SUVmean in the right liver lobe.

Formal consent was obtained from all patients prior to examination. All patients were examined with PET--CT in compliance with the 1964 Declaration of Helsinki, and the responsible regulatory bodies in Austria. As this is a retrospective analysis of routine exams, ethical approval was not required.

Results {#Sec3}
=======

Five out of 33 patients with a history of NET after surgical removal of the primary lesion showed no pathological lesions on PET--CT imaging, and in the follow-up until preparation of this manuscript (approx. 1 year), there was no clinical evidence of recurrent disease. Eight out of 33 patients had a recurrent meningioma at the skull base and were sent for better delineation of the meningiomas prior to radiation with protons (not published data). One patient had a history of multiple endocrine neoplasia type 1 (MEN1) and the remaining 19/33 patients had a history of neuroendocrine tumor in the gastrointestinal tract (GEP-NET) and presented with at least one pathological lesion on imaging. In this latter group (20/33 patients) the median SUVmax was 10.8 with a median size of 2 cm. The further patient characteristics are given in Table [1](#Tab1){ref-type="table"}. One patient with GEP-NET, who was imaged prior to surgery, showed focal uptake in the ileocecal region (Fig. [1](#Fig1){ref-type="fig"}), which was confirmed surgically as a NET. Another patient in this group showed multiple focal areas of intense uptake throughout the whole body, which were in good correlation with the ^177^Lu- somatostatin analogue post-therapy images (Fig. [2](#Fig2){ref-type="fig"}). In another patient with genetically and histologically proved MEN1, we observed lesions in the pancreas after surgical removal of parathyroid adenomas (Fig. [3](#Fig3){ref-type="fig"}).Table 1Characteristics of patients with NET and at least one lesion on ^64^Cu-DOTATOC PET--CTAge (years)SexSUVmean liverSUVmax lesionNumber of lesionsLesion size (cm)37M8.55.710.954M236.31153M53.42162M3.85.621.282M2415.711.369F3.22.811.565F3.27.91254F18.361267F14.716.63262F4.3221284F21712.754F7.51342478F22814.551F6.741Multiple0.5--2.531F3.422Multiple0.5--2.561M10.535Multiple0.5--363F3.335Multiple0.7--2.771M10.819.2Multiple0.9--260M1728.521--242F4.98041--2Fig. 1^64^Cu-DOTATOC PET--CT image of a 65-year-old female with histologically proven NET in the ileocoecal region (stage G2)Fig. 2**a**^177^Lu-somatostatin analogue--maximum intensity projection (MIP) image of a 61-year-old male patient and **b** 3 months later follow-up with ^64^Cu-DOTATOC PET--CT MIP images showing metastasized NET (G1). Transaxial images with ^177^Lu-somatostatin analogue (**c**) and 3 months later follow-up with ^64^Cu-DOTATOC PET--CT (**d**)Fig. 3^64^Cu-DOTATOC PET--CT image of a 54-year-old female patient with histologically proven MEN1 showing intense tracer uptake in the pancreatic lesion (note the intense uptake with SUVmax 134, SUVmean of the liver 7.5)

The median SUVmax of the lesions was 10.8 (range 3--134) and as shown in Figs. [1](#Fig1){ref-type="fig"}, [2](#Fig2){ref-type="fig"} and [3](#Fig3){ref-type="fig"} there was a very high tumor-to-background uptake providing high contrast imaging.

Discussion {#Sec4}
==========

In this retrospective study of a small heterogeneous group of 33 patients, we observed high target-to-background contrast in the suspected lesions. ^64^Cu-DOTATOC was safely used in the workup of patients with NETs. It is to our best knowledge the first-in-human use of this radiopharmaceutical.

^64^Cu ligands have logistical advantages for centers without ^68^Ge/^68^Ga generators, and with a half-life of 12.7 h ^64^Cu can be easily transported from other production facilities \[[@CR15]\]. Moreover, ^64^Cu has a lower positron range than^68^Ga resulting in a better spatial resolution that could improve the detection of small lesions \[[@CR14]\]. Since the smallest lesion in this study was 5 mm, one could presume, as in other studies with^64^Cu-somatostatin analogues, that PET--CT with ^64^Cu-DOTATOC is more sensitive than conventional imaging with ^111^In-octreotide and comparable to other PET somatostatin ligands \[[@CR16]\].

Furthermore, since we perform therapy with ^177^Lu-DOTATOC \[[@CR17]\], the use of ^64^Cu-DOTATOC with somatostatin analogues would more precisely enable us to predict therapy response, as demonstrated in the case illustrated in Fig. [2](#Fig2){ref-type="fig"}, which is a good example for the so-called theranostic twins \[[@CR18]\]. In contrast to a previous study, where we described more lesions in the post-therapeutic scan \[[@CR19]\], we observed more lesions in this patient on PET imaging compared to SPECT imaging, as a result of the characteristics of the chelator and radionuclide used as PET radiopharmaceuticals and as a result of the known superior spatial resolution of PET compared to SPECT \[[@CR16], [@CR20]\]. As a result, lesions of size 6 mm or less were detected only by PET. In a similar study using ^64^Cu-DOTATATE, the authors demonstrated the superiority of ^64^Cu-DOTATATE PET both in radiation dose and lesion detection compared to ^111^In-DTPA-octreotide \[[@CR16]\]. The authors concluded that ^64^Cu-DOTATATE should be preferred whenever possible over ^111^In-DTPA-octreotide.

The most used PET tracers for NET imaging are^68^Ga-DOTATATE,^68^Ga-DOTATOC, and^68^Ga-DOTANOC. DOTATOC, DOTATATE, and DOTANOC are collectively referred to as DOTA peptides. There is some variation in the affinity profile of the DOTA peptides towards the SSRs. They have all high affinity to SSR subtype 2, DOTATATE higher than the two others, but DOTATOC and DOTANOC also have affinity to SSR subgroup 5 (DOTANOC also to a lesser extent to SSR subgroup 3). However, even though their affinities to the SSR differ, results from several studies report comparable clinical performance \[[@CR14], [@CR21]--[@CR25]\]. Yang et al. performed a meta-analysis on the diagnostic role of^68^Ga-DOTATATE and^68^Ga-DOTATOC and found a high sensitivity and specificity for both tracers \[[@CR24]\]. Johnbeck et al. described later that both ^64^Cu-DOTATATE and ^68^Ga-DOTATOC on a patient-by-patient basis had no differences in their diagnostic performance \[[@CR14]\]; however, more lesions were detected by ^64^Cu-DOTATATE. Additionally, the scanning window of at least 3 h for ^64^Cu-DOTATATE was found to be favorable and easy to use in the clinical setting \[[@CR14]\]. The difference in lesion detection rate was attributed to use of ^64^Cu instead of ^68^Ga rather than differences in peptide. The substantially shorter positron range of ^64^Cu was anticipated to be the most important factor providing better detection of small lesions \[[@CR14]\]. It must be emphasized that regarding peptides used for PET imaging, there are still conflicting reports and no peptide has been concluded to be the optimal peptide for imaging of NETs.

Despite the small number of heterogenous patients, which is a limitation of the study, it has been shown that baseline PET--CT with ^68^Ga-DOTATATE helps to determine somatostatin receptor expression status and disease stage in patients, but SUV calculations do not necessarily have a role in the prediction of treatment response \[[@CR26]\]. However, because of the long half-life of ^64^Cu of 12.7 h, it is possible to perform images later than 1 h, e.g., either for dosimetric purposes or for any other logistical reasons in routine clinical work. This may be the focus of future studies in order to establish personalized dose determination for peptide receptor radionuclide therapy (PRRT) in NETs.

Conclusion {#Sec5}
==========

The high detection rate of possible lesions with high target-to-background contrast showed the possibility of the safe application of ^64^Cu-DOTATOC in patients with NETs. The good correlation of multiple metastases with lesions detected in a post-therapeutic scan with ^177^Lu-somatostatin analogue presents another advantage of this radiopharmaceutical to be used in treatment planning of patients with metastatic NETs.
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